A rigorous theory of electromagnetic wave scattering by small perfectly conducting particles is developed. The limiting case when the number of particles tends to infinity is discussed.
Introduction
Assume is its complex permittivity, σ m is the conductivity and ω is the frequency. The scattering problem consists of finding the solution to the equations ∇ × E = iωµH, ∇ × H = −iω E, (1.1)
where H 0 , E 0 is the incident field,
3)
µ 0 is the permeability of the free space, ξ > 0 is the amplitude of the incident field E 0 , ξ = |E 0 |, e x , e y , e z is the Cartesian orthonormal basis, e and h are scattered fields which satisfy the radiation condition, The results of this paper are of two types:
(a) First, we derive asymptotic formulae for the scattered field at the distances greater than d from small bodies (particles) when M is not very large say M = O(10); these formulae can be used for a numerical solution of many-body scattering problems; (b) Secondly, we derive an approximate equation for the effective field in the medium consisting of many small particles, M = M(a) → ∞ as a → 0.
Our derivations are valid for particles of arbitrary shape, not necessarily randomly distributed. For spherical particles with radius a formulae are simpler. The results are based on the author's theory of wave scattering by small particles of arbitrary shapes [5, 6] .
In section 2 the many-body scattering problem for electromagnetic (EM) wave scattering is studied in the case M = O (10) . In section 3 this problem is studied when M = M(a) → ∞ as a → 0 under suitable assumptions on the growth of M(a), M(a) = O(a −3 ) as a → 0. We derive an integral equation for the effective field in the medium consisting of many small particles.
There is a large literature on scattering by small bodies. The theory was originated by Rayleigh in 1871, who understood that the dipole radiation is the basic part of the scattered field if the scatter is small, i.e., ka 1 [1, 2] . However, only in [3] [4] [5] [6] , analytical formulae were derived for the S matrix for acoustic and electromagnetic wave scattering by small bodies of arbitrary shapes. These formulae allow one to calculate polarizability tensors with any desired accuracy analytically for bodies of arbitrary shapes. Assumptions The many-body wave scattering theory for acoustic waves was developed in [7] [8] [9] [12] [13] [14] . This theory is basic for a method for creating materials with a desired refraction coefficient in acoustics, in particular, materials with a desired wave focusing property [10, 11] , and a material with negative refraction, i.e., the material in which the group velocity is directed opposite to the phase velocity.
In [15] the EM wave scattering by many small inhomogeneities was studied under the assumption that these inhomogeneities were smooth perturbations of the dielectric parameter (x), vanishing outside of a union of many small non-intersecting balls of radius a, centered at the points x m ∈ D. The main results in [15] were: (a) An asymptotically, as a → 0, rigorous reduction of the many-body EM wave scattering problem to solving a linear algebraic system of equations, bypassing the usage of integral equations; (b) A derivation of an equation for the effective (self-consistent) electric field E e in the limiting medium, which was obtained by embedding a large number M(a) of small particles in
The novel points of the present paper are:
The small particles are assumed well conducting, the corresponding perturbation of is not necessarily smooth, and the boundary conditions on the boundaries of the small particles are taken into account by using general formulae for the polarization dipole moment, induced on the small particle by the exterior static field E e . These formulae were derived in [4] [5] [6] .
There are many papers and books dealing with wave propagation in random media (see [16] and references therein). These results are not used in this paper and their assumptions do not hold: we do not assume our particles necessarily randomly distributed.
EM wave scattering, M = O(10)
Let us look for the solution of problems (1.1), (1.2) of the form 
where we have used the formula: 
If k 1, then one may assume that the small body D m is placed in a constant effective field
The induced dipole moment P (m) is calculated by the formula Let us show that the error of formula (2.2) is negligible. The omitted error term in (2.2) is equal to
Indeed, using assumptions (1.4), the inequality |t − x m | a, valid for t ∈ S m , the estimates
, and formulae (2.3) and (2.6), one obtains:
Thus, term (2.8) is negligible compared with the term
a. This concludes the discussion of many-body EM wave scattering when M = O(10).
EM wave scattering, M → ∞
Suppose that the number of small particles is very large. This number M in a bounded region D is of the order O
Thus, to satisfy the assumption a d in (1.4) one has to assume that the total volume of the small particles is negligible: this volume is of the order
If M → ∞ in such a way that a → 0 and (1.4) holds, then we replace the sum in (2.7) by the integral and get for the limiting field the equation 1. Let us explain how formula (3.1) is derived. Its derivation is based on the following lemma.
